Introduction
Several polycyclic aromatic hydrocarbons, including common environmental carcinogens such as benzo(a)pyrene,are metabolized in vivo by an inducible enzyme system l which causes hydroxylation to water-sol'uble products such as phenols and dihydrodiols 2 . It is thought that reactive intermediates produced during this reaction are responsible for the carcinogenic effect shown by some aromatic hydrocarbons 3 . These intermediates may react with various cellular components to produce genetic or other transmissible' damage 4 . The enzYme is one of the microsomal mixed-function oxidases, a c:lass of enzYmes which plays an important role in the metabolism of several drugs and other exogenous compounds5~ and also in theinterconversion and degradation of endogenous metabolites such as steroids 6 • The enzyme which hydroxylates benzo(a)pyrene has been shown to be similar to, but distinct from, that hydroxylase principally induced by barbiturates 7 . These enzymes generally require both reduced pyridine nucleoti.de and molecular oxygen, as well as the hydroxylation substrate, and consist of a flavoprotein component which interacts with the pyridine nucleotide, and a heme protein (!!l mixing of the ground or excited state with other excited states by the magnetic field; and (£) a temperature-dependent population difference in ground state levels whose degeneracy has been removed by the magnetic field; the Faraday B. term is liS-shaped II and resembles the first derivative of the absorption spectrum; in contrast, the!!. and £ terms are IIbell-shaped li and approximate the ~hape of the absorption band (see ref. 11 for a recent review). We re ort here the application of MCD to the study of the microsomal hemoproteins from rats which had been treated wi th the carci nogeni c hydrocarbon, 7, 12-dimethylbenzanthracene. During the course of this work. a report by Oolinger et al. 12 appeared describing HCD investigations of microsomes fro~ rats treated with the drug, phenobarbital. .. In addition, C terms will be found in paramagnetic derivatives lO ,2S.
MATERIALS ~~O METHODS
Because of the mixi ng of the iron £ orb; tal swi th the porphyri n Table I . and probably represents a transi tion from al ower energy porphyri n 7T orbi tal * .
(b 2u ) to the same x-y degenerate e g (7T) orbital excited state as the Soret transi ticn. We therefore expect an A term for thi s band, but reduced in magni'tude relative to the Soret MCO since the IS band is weaker and broader.
The 345 nm peak and 377 nm trough may represent an A term associated . with the 0 band and superimposed upon a broader, negative MCO. The features of the MCD spectra of P-450 cam are summarized in Table 1 .
Micros:omes--The MCD spectra in the near UV and visible spectral regions: ar~ shown for a microsomal preparation isolated from a DMBAtreated rat in Fig. 3 , with characteristic w~velengths listed in Table II .
The sped-fie aryl hydrocarbon hydroxyl ase enzyme activity for this preparationwas: 1'.4 nmolesfmg protein x 30 min, representing a 1.73-fold increase in specific activity over that of control rats. There was no increase in the amount of P-450 detectable by absorption difference spectroscopy. This ;-s ;-n agreement with the results of Nebert etal .42 who observed that on induction of aryl hydrocarbon hydroxylase with 3-methylcholanthrene there was no increase in overall P-450 concentration as determined hy the:method of Omura and Sato 15 . They did, however, detect an aTteratfon 1'n the type of P-450 as deduced from the spi n state equi 1 ibri-um (as; mens:ured by n-octylamine titration}42.. The MCD spectra of the DMBA .. induced microsomes were indistinguishable from those of the control microsomes, and only the fonner will be discussed.
In the absence of added reductants we assumed all components to· be . in a predominantly oxidized state since the tenninal electron acceptor, cytochrome P-450, ;s air-oxidizable. In order to separate the contributions .. 14 ... of cyto·chrome b S and cytochrome P-4S0 to the overall MCD spectra , we used a stepwise reduction and complex formation procedure: NADH was introduced to reduce cytochrome b S followed by dithionite and carbon monoxide addition to reduce and complex cytochrome P-4S0.
The MCD spectrum of the oxidized microsomes has an S-shaped band in the Soret region ( Fig. 3A and Table II ). This band contains C term contributions pri.marily from low spinferricytochrome b S (compare with Fig. 1 and Table 1 ) and cytochrome P-4S0 (compare with Fig. 2A and Table I ). The spectrum between 450 and S50 nmshows no distinct features; the trough at 580 nm probably corresponds to a low-spin or substrate-free form of cytochrome P-4S0 (compare Fig. 2A ).
The addition of NADH reduces cytochrome b S as evidenced by the loss of intensity of the broad derivative-shaped band in the Soret region and the appearance of the narrow derivative-shaped A term in the visible region (Fig. 38) . The small, positive extremum near 426 nm probably corresponds to the peak seen in the MeD of purified ferrocytochrome b 5
( Fig. 1) . The A ~erm characteristic wavelengths of the Cl band MCD are also identical for the soluble and particulate reduced cytochrome (compare Table II with ferrocytochrome b S ' Table I ). In addition, the fine structure The similarities in the MCD spectral properties may indicate both that the heme group in rat cytochrome b S is in an environment very similar to that of the pig (Fig. 1) and calf 20 proteins, and that removal of the cytochrome from the membrane does not result in changes in the heme chromophore.
The residual S-shaped C term MCD in the Soret region (Fig. 3B) When di thi oni te is added, the S-shaped Soret MCD is trans formed into a band shape resembling high-spin ferrous P-450 cam ( Fig. 3C and Table I ).
The trough at 580 nm is also lost. A small increase in the amount of reduced cytochrome b S also seems to occur as judged from the intensity of (Fig. 3D ) probably cqrrespond to P-4S0 and P-420, respectivelyl2. If microsomal carbonmonoxy P-450 and P-420 are assumed to have Soret A terms equal in intensity to that of P-450 cam '
then the concentration of P-450and P-420 each appears to be about 0.5 ~M.
Analysis of the absorption difference spectrum for the reduced c~rbonmonoxy mi,nus reduced m;crosomes shown in Fig. 5 , on the other hand, yields a P-450 concentration of 0.6 ~M, with the amount of P-420 being considerably lower.
Thus the shape and the intensity of the Soret MCD of microsomal carbonmonoxy P-450 is similar to that of carbonmonoxy P-450 cam ' It also appears that the Soret MCD of mi crosoma 1 carbonmonoxy P-420 mus t be more intense than that of carbonmonoxy P-450. However, measurement of the levels of P-420 by MCD are complicated both by overlap of the Soret spectrum with that of reduced cytochrome b S and by the lack of a suitable model system, and difference absorption spectroscopy tends to underestimate the amount of P-42044. As was found for oxidized P-450, a higher estimate of the amount of the hemoprotein of approximately 2 ~M is obtained by comparison of the 580 nm MCn trough in the microsome spectra with that of P-4S0 cam '
indicating a difference between the MCD intensity of the microsomal and bacteri"al enzymes.
The results shown in Figs. 3-5 were obtained at room temperature using a microscomal preparation which had been subjected to freezing, and thawing prior to treatment. All spectra were stable during the course of the experiments and gave no evidence of time-dependent denaturations.
Essentially identical Mep spectra were also ~bserved when freshly prepared roi crosomes were util i zed and a 11 experiments were carri,ed out at 4 0 • Under these conditions as well, no effect of treatment of the rats with DMBA could be determined from the MCD spectra.
-17-Conclusions--These studies illustrate the utility of MCDas a sensi-
tive optical probe for the'investigation ofmembrane...,bound hemoproteins in particulate systems. The MCD spectra'of oxidized and reduced cytochromes b S ' P-4S0 and P-420 can be clearly identified in the ~rude rat 1 iver mi crosome spectra, and these cytochromes seem to account for a 11 of the major spectral features observed .. There did not appear to be any contributions to the MCD spectra from other microsomal components or from extraneous hemoproteins.
The effect of treatment with the carcinogen, DMBA, on these cytochromes was investigated by comparison of the MCD spectra of microsomes (--) computer plot of data for dithionite-reduced form; room temperature.
Note that the spectrum of ferricytochrome b S in the 4S0-600 nm region has been multiplied by 10. .... 
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